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EFFECT OF ba�IQ�a�IbbY§ Ebe�raBY� ON 
M I CROB I AL POPULAT I ONS , S I LAGE QUAL I TY ,  
UT I L I Z AT I ON AND PRESERVAT I ON 
J .  Noth n ag e l  and R .  M .  Luth er 
Depart ment of An i ma l  an d Rang e Sc i enc es 
CATTLE 84-6 
Corn f or ag e  f r om t h e  1 982 corn c r op was h ar vest ed at 
approx i matel y 6 1 7.  moi stur e .  One ex per i ment a l  c on c r et e  s i l o  was 
f i l l ed w i t h  untreated f or ag e  and anoth er wi t h  f or a g e  tr eated 
wi t h  a bes:tgliH�s.i!lY!i 2ls!l:tsc:Ym i n o c u l  ant .  The Lac t obac: i 1 1  us 
i nocul an� was added p r i or to ens i l i n g  b y  mi x i ng 10 g of i nocu­
l an t  ( 1 0 bi 1 1  i on CFU < Co l ony For m i n g  Un i t s >  / g )  p er t on of 
f or ag e  .. 
Measurement s  t aken were c ol.tnt s  of m i c r ob i o l og i c a l  g r oups ,  
chem i c a l  character i st i cs and h eat p r od uc t i on d ur i ng f er ment a­
t i on ,  d r y  matt er p er servat i on and n ut r i ent d i gest i b i l i ty and 
n i trog en reten t i on by beef st eer s .  
The t r eated s i l ag e  appeared t o  h ave a more f avorab l e  
m i crob i al p r of i l e  as evi denced by h i g h er anaer ob i c  popu l at i ons 
and l ower yeast and mol d c oun t s .  A l t hough c h em i c a l  qual i ty data 
are n ot c omp l et e ,  resu l t s  show t h at t h e  t r eated si l ag e  has a 
h i g h er l ac t i c  ac i d  c on t en t  < 4 . 80 vs 3 . 98 ) than unt r eated s i l ag e .  
T h e  d i g est i b i l i t i es o f  d r y  matt er , c rude p r o te i n and org an i c  
matt er wer e essent i al l y  t h e  same f or b ot h  s i l ag e s .  However , 
mor e n i tr ogen was r e t a i ned b y  steer s f ed t h e  tr eated s i l ag e  
< 4 1 . 59% v s  34 . 57h ) . Recovery of f eedab l e  s i l ag e  f r om b o t h  s i l os 
was unusua l l y  l ow at about 697. f or b o t h  of the s i l ages . 
The mak i ng of qua l i ty c or n  s i l ag e  i s  l ar g e l y d ep en d en t  upon 
a f ermen t at i on p r ocess that t a k es p l aee i n  the f or a g e  af t er 
ens i l i n g . Resear c h  h as s hown t h at m i cr ob i al popul at i on s  p r esent 
i n  t h e  f or ag e  ·ar e r esponsi b l e  f or f er mentat i on . These m i c r ob e s  
may vary wi del y even wi t hi n  t h e  same f i el d  of f or ag e .  Lew 
mi c r ob i al p op u l at i on s  appear to s l ow t h e  rat e  of < ex tent of > 
f erment at i on .  I no c ul at i on of f or ag e  wi t h  d es i r ab l e  bacter i a  
of f er s  a means of p r ov i d i ng adequat e types and n umbers t o  
i n i t i at e  f er mentat i on .  The ex p ec t ed r esul t wou l d b e  t o  i mp r ove 
p reservat i on and r ec overy of n utr i en t s . 
The obj ect i ve of th i s  study was t o  determi n e  the ef f ec t  of 
t r eat i ng corn f or a g e  w i th a bs��Qessill�§ el�n�s�Ym si l ag e  i noc:­
u l an t  on corn s i l ag e  qual i ty .  Response t o  i nocu l at i on was 
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compared t o  untreated f or a g e  i n  t erms of m i c r ob i ol og i c a l  c ompo­
si t i on d ur i ng the f ermen t at i on p er i od ,  c h em i c a l  ch ar ac t er i st i c s 
and p reservat i on of dry mat t er . The study a l so emp h as i z ed 
d i gest i b i l i t y of nut r i ent s  and n i t r og en u t i l i z at i on b y  b eef 
st eer s .  
Corn f or ag e  f rom t h e  1 982 c o r n  c r op was harvested at 
ap p r ox i ma t e l y 6 1 r.  moi sture wi t h  a c on vent i on a l  f orage c hopper . 
The c h op p ed f or ag e  was wei ghed i n  a f eed m i x i ng wagon a e qu i p p e d  
wi th a s c a l e .  For age was a l l owed t o  m i x f or about 1 0  m i nut es 
and t h en p a c k ed i nt o  r e i nf or c ed c o n c r e t e  c u l vert s i l os wh i ch 
wer e 6-f oct h i gh w i t h  a 5-f oot d i amet er . One si l o  was f i l l ed 
wi t h  untreated f or ag e  a n d  t h e  oth er w i t h  f or a g e  i nocul at�d w i th 
10 g of p r oduct p er -tob1 < 10 bi 1 1  i on b:s!:1l2Qs!:il1Ya e.lsn:ts!:.b\!!l 
c o l on y  f or m i ng un i ts / g ) • Each s i l o  was covered wi t h  p l ast i c  
and a wooden l i d  p l aced on t h e  top . Appro>: i matel y 1 200 l b  of 
c ement b l oc k s  wer e add ed f er wei gh t  an d anot her l ayer o f  p l ast i c 
p l aced over t h e  t op . A t h er m i stor p r ob e  was i nser t ed i nt o  t h e  
c en t er o f  t h e  s i l ag e  mass t o  p ermi t r ec or d i ng o f  t emper atur es . 
Samp l es of f or a g e  were t a k en d ur i ng f i l l i ng and as t h e  s i l ag e  
was r emoved f or f eed i ng .  I n  add i t i on ,  samp l es wer e removed 
t h r ough ports l oc at ed i n  t h e  wal l of each s i l o  d ur i ng the f i rst 
21 d ays of the f erment at i on p r oc ess . Each p or t  was f l ushed w i t h  
c ar b on d i ox i de af t er samp l i ng .  
�i�C9Qi9l99i�s1 0asl�aia • A ser i es of p l at i ng stud i es were 
made usi ng 1 0-g sub samp l es of ensi l ag e  t a k en f rom a p or t . The 
sub samp l e  was p l ac ed i n  i nd i vi dual , ster i l e  War i ng b l enders 
c ont ai n i ng 90 m l  of ster i l e  d i st i l l ed water . I n oc u l a�,rs of 95 1 
ml wer e -* str i buted t o  i nc ub at i on p l ates t o  g i ve a 1 0  , 1 0  _8 
and 1 99 f i na�18 l at e  d i l ut i on w i th f r esh f or ag e , w h er eas 1 0  
and 1 0  and 1 0  f i n a l  d i l ut i on s wer e used f or ensi l ag e .  The 
med i a sel ect ed f or enumer at i on of total aer ob es and total anae­
r obes was tomato j ui c e  agar < Di f e o > ; f or b:��te�s�il!! spp .  MRS 
< Di f e o >  and f or yeast s and mol d s  p ct at oe d ex t r ose agar wi th an 
ant i b i ot i c .  I nc ub at i ons wer e c on d uc t ed i n  t h e  d a r k  at 30 C .  
Anaerob i c  cond i t i ons i nvol ved t h e  use of a BBL Gas Pak anaerob i c  
system . Three p l ates were used per d i l ut i on f or t h e  d et ermi n a ­
t i on of c o l ony-f or m i n g  un i t s .  Samp l es f or t h i s p h a s e  o f  t h e  
study were t a k en o f  t h e  stand i ng c o r n  c r op ; c hopped f or ag e  at 
ensi l i n g ; and ensi l ag e  at 2 ,  4 ,  6 ,  9 ,  1 2 ,  1 5 ,  1 8  and 24 hr 
af ter ensi l i n g  on d ay 1 ,  at 30 , 36 , 42 and 48 and 52 hr af t er 
en si l i n g  on d ay 2 and at 52 , 60 , 66 and 72 hr on day 3 .  
Thereaf t er samp l es were t a k en every 1 2  hr each d ay f or t h e  n ex t  
3 days and onc e  a d ay f or the nex t 1 0  d ays . Standar d  m i c r ob i o­
l og i c a l  p l at e  c ount t ec hn i ques were used . 
------------------
B l a i r Manuf actur i n g Company ,  Bl a i r ,  NE . 
b 
B i omax S I .  Chr . Hansen ' s  Laboratory , Mi l wau k ee ,  W I . 
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Chem i c a l  s i l ag e  qual i ty deter m i nat i ons were comp l eted i n  
t h e  l ab or atory on samp l es c o l l ec t ed at storag e , d ur i n g ensi l i ng 
and at f eed i n g .  The tests i nc l uded moi stur e ,  p H ,  t i tratab l e  
ac i d i ty ,  total n i t r og en , ammon i a  n i t r og en , l ac t i c ac i d  and or­
g an i c ac i ds ( ac et i c: ,  p r op i on i c: ,  butyr i c ) . 
Ut i l i z at i on of n ut r i en t s  f rom unt r ea t ed and t r eated si l ag e  
was d et er m i ned i n  a d i g est i on -n i t r og en b a l an c e  t r i a l  wi t h  b eef 
steer s .  Twel ve steer s aver ag i ng 577 l b  were p l aced i n  
i nd i vi dual p en s  i n  t h e  An i ma l  S c i enc e  Comp l ex .  The steers wer e 
f ed c or n  s i l ag e  < un t r eated > f r om anoth er sourc: e  f or about 2 
wee k s .  Th e steer s wer e t h en wei g hed and a l l ot t ed t o  t h e  t wo 
s i l ag e  t r eatment s  w i t h  6 steers p er t r eatmen t . The ex p er i men t a l  
s i l ages wer e f u l l -f ed f or a n  add i t i on a l  week a n d  t h en t h e  st eers 
were p l ac:ed i n  metabo l i sm c: r at e s . T h e  steer s  were al l owed t o  
adj ust t o  t h e  c rates and a 5-day t o t a l  c:ol l ec: t i on d i g est i on ­
n i trogen b a l ance t r i a l  c: cn d u c t ed e Corn si l ag e  was f ed t o  
appet i t e  and a p r ot e i n sup p l ement was t op -d ressed to t h e  si l ag e  
a t  a r a t e  o f  1 . 1 4 l b  p e r  head d a i l y .  The sup p l ement c on s i sted 
of 587. soybean meal ( 447. p r ot ei n > , 28 . 77. g r ound c or n ,  2 . 01.. 
gr ound l i meston e ,  6 . 37. d i c a l c i um p h os ph at e ,  5 . 0X � r a c e  mi n er a l  
sal t a n d  v i t am i n A C l 0 , 000 I U / l b > . 
Ur i ne and f ec es were c o l l ec t ed onc e  d a i l y ,  measur ed or 
wei g h ed , an d a 1 07. a l i quot of each saved f or c h emi c a l  ana l ysi s .  
The f ec a l  mater i al was f r oz en and t h e  ur i ne st ored under ref r i g ­
erat i on .  Di gest i b i l i t y c oef f i c i ents were c a l c u l ated f or d r y  
mat t er , c rude p r ot e i n ,  organ i c  mat t er . Ni t r ogen reten t i on was 
r ep or t ed as a p er cent a g e  of that con sumed . 
Preservat i on of n ut r i en t s  was deter mi ned on t h e  b asi s of 
dry mat t er stored versus dry matt er r emoved f r om the si l o . 
Spoi l ed s i l ag e  was separated f r om g ood si l ag e ,  wei ghed and 
samp l ed as the s i l os wer e emp t i ed .  Dry matt er and p r ot e i n 
p r eservat i on were deter m i n ed f or each si l ag e  t reatmen t . 
The m i c r ob i al c omposi t i on of t h e  ex per i men t a l  si l ag es 
dur i n g t h e  f i r st 1 5  d ays of stor age are pr esent ed i n  f i g ures 1 
t hr ough 4 .  The c o l ony f or m i n g  un i t  c ounts were somewhat var i ­
ab l e  wh i ch may h ave b een due to p or t -t o-port var i at i on .  Al so ,  
each port was samp l ed sever a l  t i mes . Th ere were sever al gener al 
tren d s  i n  the var i ous mi crob i o l og i c a l  p r of i l es .  The total aer o­
b i c b a c t er i a  counts sh own i n  f i gure 1 d i d not app ear to d i f f er 
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great l y  b etween t h e  t wo s i l ag e s . However , somewhat l ar ger n um­
b er s  wer e ob served i n  t h e  untr eated s i l ag e . Th e t o t a l  anaerob i c  
counts p r esen t ed i n  f i g ur e  2 wer e general l y  h i g her f or t h e  
tr eated s i l ag e  f or most o f  t h e  d ays of ensi l i n g  t h a n  f or t h e  
un tr eated s i l ag e .  The h i g h er n umber of anaer ob i c  bacter i a  d i d 
n ot app ear t o  b e  due t o  bss:teQ.�sill!:!!! spp .  F i g ur e  3 shows t h at 
t h e  number of bss:tetH!Sill!:!a organ i sms was about t h e  same f or 
each s i l ages. Number of yeasts and m o l d s  ( f i gure 4 )  seemed t o  
i n c r ease ear l i er and m o r e  r ap i d l y  i n  t h e  tr eat ed s i l ag e  b ut t h en 
d r op p ed of f f aster t h an i n  t h e  untreated s i l age . 
Wh i l e  t h e  data f or t h e  var i ous mi c r ob e  g r oups d o  n ot 
p r esent a d ef i n i te t r en d , t h e  t r ea t ed s i l ag e  t en d ed t o  p r ov i d e  a 
mor e f avorab l e  med i um f or mi c r ob i al g r ow t h  t h an t h e  untr eat ed 
s i l ag e .  Fur t h er r esearc h  i s  n eed ed t o  substan t i ate th ese 
r esu l t s .  
The resu l t s  of t emperatures t a ken d ur i ng t h e  f er ment at i on 
p er i od are shown i n  f i g ur e  5 .  Temper at ur es at st or ag e  wer e 25 . 5  
C and 26 . 5  C .  I n  t h e  untreated ens i l ag e  peak t emperat ur es of 30 
C were r eached at 4 days and i n  t h e  tr eated s i l ag e  a h i gh of 29 
C was observed at 3 d ays . The t r eated si l ag e  h ad g en er a l l y  
l ower t emperatur es t h r oughout f er ment at i on t h an t h e  un tr eat ed 
si l ag e .  
Data f r om t h e  c h em i c a l  an a l yses o f  t h e  samp l es o f  f or a g e  
an d s i l ag e  ar e p r esent ed i n  t ab l e  1 .  The pH val ues wer e wel l 
b e l ow 4 wh i ch wou l d i nd i cat e  f or mat i on of qua l i ty si l ag e .  A 
t i tratab l e ac i d i ty val ue of 7 . 75 f or t h e  untr eated s i l ag e  ver sus 
8 . 92 f or t h e  t reated s i l ag e  p o i n t s  t oward h i g h er ac i d  f ormat i on 
i n  t h e  tr eat ed s i l ag e .  The h i g h er l ev e l  of ac i d  was p art i al l y 
t h e  r esu l t  of � h i g her l ac t i c  ac i d  l evel ( 4 . 80% of t h e  d r y  
matter > i n  t h e  tr eat ed s i l ag e  as c ompar ed t o  3 . 98% t h e  untr eat ed 
s i l ag e .  Ammon i a  n i t r og en val ues wer e  essen t i al l y  the same f or 
t h e  unt r eated s i l ag e  as f or t h e  treated s i l ag e .  Vol at i l e  f at t y  
ac i d  ana l yses h ave n o t  b een c omp l eted . 
Resu l ts of d i g est i on and n i trog en b a l an c e  stud i es wi t h  
st eers are p r esent ed i n  tab l e  2 .  D i g est i b i l i ty d a t a  f or d r y  
matter , c r u d e  protei n a n d  or gan i c mat t er show on l y  sma l l d i f f er ­
ences b et ween t h e  two ex per i ment a l  si l ages . The reten t i on of 
n i trogen was 34 . 577. of that c on sumed f or the steer s f ed t h e  
untreated s i l ag e  as c ompared t o  4 1 . 59% f or those f ed t h e  trated 
s i l ag e .  N i tr ogen i nt a k e  was about 1 0% gr eater f or t h e  steer s  
f ed t h e  treated s i l ag e ,  but n i tr ogen reten t i on by t hese st eers 
great l y  ex c eeded t h i s val ue . 
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Dry mat t er recovery of t h e  tr eat ed and untreated s i l ag e  i s  
pr esent ed i n  t ab l e  3 .  Feed ab l e  d r y  mat ter as a percentage of 
dry mat t er ens i l ed was l ow < ab out 69X > i n  t h i s stud y . Spo i l ag e  
l osses wer e h i g h er t h an p r ev i ous l y ob served i n  th ese s i l os .  The 
reason f or these l osses may have b een due to the ex p osure to a i r 
through t h e  port open i n g s  wi th r e p eated samp l i ng .  Wh i l e  c arbon 
d i ox i de was f l ushed i nt o  t h e  p er t s ,  p er haps t h e  quan t i ty was n ot 
suf f i c i ent t o  mai n ta i n anaerob i c  c ond i t i on s .  
TABLE 1 .  CHEM I CAL PROF I LES OF CORN S I LAGE FOR FEED I NG AS 
AFFECTED BY BACTER I AL I NOCULAT I ON 
§ilss� f ac f �gsing 
Unt r eated Treated a 
Dry matt er , 
Y. b  
37 . 4 1 
pH 3 . 89 
Ti t r at ab l e  ac i d i !Y c 7 . 75 
Ammon i a  n i t r og en O a l 64 
E�cs�ot gf QC� me!t@c 
Crude p r ot e i n 8 . 37 
Lac t i c ac i d  3 . 98 
I nocul ated wi th bsS!QQsSillY§ elsO!sCYID 
product at r at e  of 1 0  g p er t on of f or ag e .  
b 
Tol uene d i st i l l at i on w i th ac i d  c o r r ec t i on .  
M i l l i l i ters of . l N KOH t o  r a i se p H  t o  7 .  
d 
Per c ent of t ot a l  n i t r og en m 
5 1  
37 a l 5  
3 . 82 
8 . 92 
0 . 1 54 
8 . 45 
4 . 80 
f er mentat i on 
TABLE 2 .  D I GEST I B I L I TY AND N I TROGEN BALANCE OF < UNTREATED 
AND M I CROB I AL I NOCULATED CORN S I LASE > FED TO BEEF STEERS 
Unt r eated Treated a 
- - �--------------------------------�---�-�- ---��----------------
No E of steers 6 6 
Avg wei g h t , l b  582 572 
Avg d a i l y  dry 
matt er i nt a k e ,  l b  1 2 . 34 1 3 . 37 
Avg d a i l y  n i tr ogen i nt ak e ,  g m  89 . 36 98 . 32 
)2i_gg!§:tit!ili:t�.s. � 
Dry mat t er 69 . 43 70 . 36 
Crude p r ot e i n 59. 02 6 1 . 27 
Org an i c  mat t er 70 . 65 7 1.. 60 
Mi:tr:12gf:o t!.§lsD!:!b. s.l!;;!e� 
Feca l  3 6 . 64 38. 02 
Ur i nary. 2 1 a 83 1 9 . 4 1  
Ret a i ned 30 . 89 40 . 89 
Perc en t  r e t a i n ed of c on sumed 3 4 m 57 4 1 . 59 
a 
bs�:t!ilt!e�il!Ya elsD:te�Ym , Bi o  Max S I , Chr . Hansen � s 
Labor a t ory , a pp l i ed at 1 0  g per t on o f  f or ag e .  
Dry 
TABLE 3 .  DRY MATTER RECOVERY O F  CORN S ILAGE DRY MATTER AS 
AFFECTED BY A M I CROB I AL S I LAGE I NOCULANT 
matt er of c or n  f or ag e ,  % 
Untreat ed 
38 . 95 
Mi c r ob i a l 
i nocul ated
8 
38 . 65 
Total dry matt er st ored , l b  1 357 . 97 1 592 . 46 
Tota l  dry matt er of f ed s i l ag e , l b  
As percen t  o f  d r y  mat t er 1 087 . 37 1 069 . 1)3 
Stored , 'Y. 69 . 79 68 . 8 1 
Qi::t ms:t:tgi: lasasts 
Spoi l ag e ,  l b  
As percent of dry matter 345 s 64 3 1 7 . 23 
Stored , % 22 . 1 9  1 9 . 92 
Nonrecovered , l b  
As perc:en·t of d r y  matter 1 24 . 96 206 . 20 
Stored , /. 8 e 02 1 2 . 95 
a 
bsS'.t9QsSiliYe elsOts!:Yffi , Bi c Max S I , Chr . Hansen � s  
Labor at ory , app l i ed at 1 0  g per t on of f or a g e .  
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